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(57) In an LED unit, all of eight LEDs are connected 
in series. The voltage of a power supply, that is, a battery 
of a vehicle, 12 V, is insufficient for the eight LEDs. To 
cope with this, a boosting circuit is provided within the 
control unit to boost the voltage to about 16 v which is 
then applied to the eight LEDS. The front end of the LED 
unit is connected to a constant-current circuit, and a volt- 
age detection circuit is provided near and connected to 
this constant-current circuit for detecting the voltage ap- 
plied to the constant-current circuit. The voltage detect- 
ed by the voltage detection circuit is compared with a 
reference voltage drawn from the power supply, is am- 
plified in an amplifier, and is input as a boosting control 
signal into the boosting circuit. The boosting control sig- 
nal is output so as to regulate the boosted voltage in 
such a manner that the voltage detected in the voltage 
detection circuit is a lowest possible voltage. 
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Description 

[0001 ] The present application is based on Japanese 
Patent Applications No.2001 -386371 and No. 
2002-212633, the entire contents of which are incorpo- 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] This invention relates to an LED lamp appara- 
tus such as a rear combination lamp apparatus and an 
LED head lamp apparatus for vehicles, which controls 
an LED lamp for vehicles using light emitting diodes as 
a light source. 

[0003] In this specification, an LED chip per se Is re- 
ferred to as "light emitting device," and the whole system 
including an LED chip-mounted package resin or lens 
system or other optical system is referred to as "light 
emitting diode" or "LED." 

RELATED ART 

[0004] An increase in brightness of light emitting de- 
vices has led to extensive use of an LED lamp such as 
a rear combination lamp and an LED head lamp for ve- 
hicles using LEDs as a light source, for example, in stop 
lamps of automobiles. LEDs have a narrow-band emis- 
sion spectrum, and the emitted light has good visibility. 
Further, the speed of response of LED is so high that 
the speed of transmission of signals to following vehi- 
cles is high and, thus, the distance necessary for stop- 
ping the travel of vehicles during high-speed traveling 
can be significantly reduced. In addition, since LEDs per 
se are a monochromatic light source, unlike Incandes- 
cent lamps, there is no need to cut off light rays other 
than light of necessary color through a filter, and mono- 
chromatic light sources with a high emission efficiency 
can be realized. This also leads to energy saving. 
[0005] An example of this type of an LED lamp appa- 
ratus for vehicles is shown in Fig. 1. Specifically, Fig. 1 
is a circuit diagram showing an example of a conven- 
tional LED lamp apparatus for vehicles. As shown in Fig. 
1 , this LED lamp apparatus 50 for vehicles comprises a 
control unit 51 and a light emitting diode unit 52. Eight 
light emitting diodes 54 constituting the light emitting di- 
ode unit 52 are connected in parallel with one another. 
[0006] Therefore, in the conventional LED lamp ap- 
paratus for vehicles, a current limiting circuit (a resistor 
or a transistor) 55 should be provided for each of the 
light emitting diodes 54. Increasing the number of the 
light emitting diodes 54 requires increasing the number 
of the current limiting circuits 55. This renders the heat- 
ing value of the current limiting circuits 55 perse unneg- 
ligible. Further, the number of wirings necessary for con- 
necting the control unit 51 to the light emitting diode unit 
52 (power supply line + number of parallel light emitting 



2 

diodes) is increased. This necessitates troublesome 
wiring work and incurs higher cost. Furthermore, a var- 
iation in forward voltage among the light emitting diodes 
54 causes a variation in flowing current which in turn 
5 results in a variation in emitted light brightness among 
the light emitting diodes 54. An additional problem of the 
conventional technique is that, when the current limiting 
circuit 55 is a resistor, a fluctuation in power supply volt- 
age causes a change in current, which flows into the 
10 light emitting diodes 54, which in turn results in a fluctu- 
ation in brightness. Furthermore, another problem of the 
conventional technique is as follows. In general, the volt- 
age of a battery in an automobile is about 1 2 V, and the 
forward voltage of a light emitting diode is about 2 V. 
15 Therefore, when the arrangement of LEDs in series is 
contemplated for lighting, the upper limit of the number 
of LEDs Is 6. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the invention is to pro- 
vide an LED lamp apparatus such as a rear combination 
lamp apparatus and an LED head lamp apparatus for 
vehicles, in which the generation of heat from the circuit 
can be minimized, the necessary number of wirings can 
be reduced, the emitted light brightness can be homog- 
enized among the light emitting diodes, and a fluctuation 
in brightness can be prevented. A further object of the 
invention is to provide an LED lamp apparatus such as 
a rear combination lamp apparatus and an LED head 
lamp apparatus for vehicles, which can cope with the 
necessity of increasing the number of LEDs. 
[0008] Therefore, an LED lamp apparatus for vehicles 
according to the invention as defined in claim 1 compris- 
ing a light source including a predetermined number of 
light emitting diodes connected in series to each other 
or one another and a power supply of a predetermined 
voltage to be applied across the predetermined number 
of light emitting diodes, the predetermined voltage being 
dependent on the predetermined number of light emit- 
ting diodes. 

[0009] This construction can reduce the necessary 
number of wirings between the power supply and the 
LED unit to two and thus can improve workability and 
can reduce cost. In addition, since LEDs are arranged 
In series, the same level of current flows Into all LEDs. 
This can prevent a variation in emitted light brightness 
among the LEDs. 

[0010] Thus, an LED lamp apparatus for vehicles can 
be provided wherein the necessary number of wirings 
can be reduced, emitted light brightness can be homog- 
enized among light emitting diodes. 
[0011] The LED lamp apparatus for vehicles accord- 
ing to the invention as defined in claim 2, in the construc- 
tion as defined in claim 1 , the power supply of the pre- 
determined voltage comprises a booster for boosting a 
voltage of a primary power supply to the predetermined 
voltage. 
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[0012] In addition to the effect attained by the con- 
struction as defined in claim 1 , the LED lamp apparatus 
for vehicles in accordance with the invention as defined 
in claim 2 can cope with the necessity of increasing the 
number of LEDS. 

[0013] The LED lamp apparatus for vehicles accord- 
ing to the invention as defined in claim 3, in the construc- 
tion as defined in claim 2, the power supply of the pre- 
determined voltage comprises a circuit for adjusting the 
predetermined voltage to a voltage dependent on a cur- 
rent flowing through the predetermined number of light 
emitting diodes. 

[0014] According to the LED lamp apparatus for vehi- 
cles in accordance with the invention as defined in claim 

3, even when the power supply voltage has fluctuated, 
a fluctuation in brightness does not occur. 

[0015] Thus, this LED lamp apparatus for vehicles 
can be provided wherein the necessary number of wir- 
ings can be reduced, emitted light brightness can be ho- 
mogenized among light emitting diodes, and a fluctua- 
tion in brightness caused by a fluctuation in power sup- 
ply voltage can be prevented. 

[0016] A rear combination lamp apparatus for vehi- 
cles according to the invention as defined in claim 4 
comprises, as a light source, a plurality of light emitting 
diodes connected to each other or one another in series, 
a voltage boosted from a power supply voltage being 
applied to the plurality of light emitting diodes for light- 
ing. 

[0017] According to the rear combination lamp appa- 
ratus for vehicles in accordance with the invention as 
defined in claim 4, similar to the construction as men- 
tioned above, the necessary number of wirings can be 
reduced, emitted light brightness can be homogenized 
among light emitting diodes, and a fluctuation in bright- 
ness caused by a fluctuation in power supply voltage 
can be prevented. 

[001 8] According to the rear combination lamp appa- 
ratus for vehicles in accordance with the invention as 
defined in claim 5, in the construction as defined in claim 

4, the light emitting diodes connected in series are driv- 
en at a constant current, and a variable voltage is ap- 
plied to the light emitting diodes. 

[001 9] I n this rear combination lamp apparatus for ve- 
hicles, LEDs are arranged in series, and the power sup- 
ply voltage is boosted before application to the LEDs. 
Further, the LEDs are driven at a constant current, for 
example, by the provision of a constant-current circuit. 
The voltage applied to the LEDs is a variable voltage 
which has been regulated so that this constant current 
is consistent with the forward current of LEDs. This can 
lower the voltage applied to the constant-current circuit 
or the like and thus can reduce the heating value in this 
portion. Since heat is generated substantially only from 
this portion, the heating value of the whole apparatus 
can be reduced, contributing to improved emission effi- 
ciency. 

[0020] Thus, a rear combination lamp apparatus for 



vehicles can be provided wherein the generation of heat 
from the circuit can be minimized, the necessary 
number of wirings can be reduced, emitted light bright- 
ness can be homogenized among light emitting diodes, 

5 and a fluctuation in brightness caused by a fluctuation 
in power supply voltage can be prevented. 
[0021 ] According to the rear combination lamp appa- 
ratus for vehicles in accordance with the invention as 
defined in claim 6, in the construction as defined in claim 

10 5, a ci rcuit for the voltage boosted from the power supply 
voltage comprises a constant-current circuit and a volt- 
age detection circuit for detecting the voltage applied to 
the constant-current circuit, and the voltage, which has 
been boosted from the power supply voltage and is to 

15 be applied to the plurality of light emitting diodes, is a 
variable voltage which has been regulated so that the 
voltage detected by the voltage detection circuit Is a low- 
est possible voltage which can cause emission of light 
from the plurality of light emitting diodes. 

20 [0022] This rear combination lamp apparatus for ve- 
hicles includes a constant-current circuit for driving 
LEDs at a constant current and a voltage detection cir- 
cuit for detecting the voltage applied to the constant-cur- 
rent circuit. The level of the variable voltage is varied so 

25 that the voltage detected by the voltage detection circuit 
is a lowest possible voltage which can cause emission 
of light from the plurality of light emitting diodes, followed 
by the application of the varied voltage to the light emit- 
ting diodes. This can reduce the heating value in the 

30 constant-current circuit. Since heat is generated sub- 
stantially only from this portion, the heating value of the 
whole apparatus can be reduced, contributing to im- 
proved emission efficiency. 

[0023] Thus, a rear combination lamp apparatus for 
35 vehicles can be provided wherein, with higher reliability, 
the generation of heat from the circuit can be minimized, 
the necessary number of wirings can be reduced, emit- 
ted light brightness can be homogenized among light 
emitting diodes, and a fluctuation in brightness can be 
40 prevented. 

[0024] An LED head lamp apparatus for vehicles ac- 
cording to the invention as defined in claim 7 comprises, 
as a light source, a plurality of light emitting diodes con- 
nected to each other or one another in series, a voltage 
45 boosted from a power supply voltage being applied to 
the plurality of light emitting diodes for lighting. 
[0025] According to the LED head lamp apparatus for 
vehicles in accordance with the invention as defined in 
claim 7, a plurality of light emitting diodes can be con- 
so nected to emit light in a quantity sufficient for a head 
lamp, and, at the same time, similar to the construction 
as defined in claim 4, the necessary number of wirings 
can be reduced, emitted light brightness can be homog- 
enized among light emitting diodes, and a fluctuation in 
55 brightness caused by a fluctuation in power supply volt- 
age can be prevented. 

[0026] According to the LED head lamp apparatus for 
vehicles in accordance with the invention as defined in 
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claim 8, in the construction as defined in claim 7, the 
light emitting diodes connected in series are driven at a 
constant current, and a variable voltage is applied to the 
light emitting diodes, 

[0027] In this LED head lamp apparatus for vehicles, 
simi lar to the rear combination lamp apparatus for vehi- 
cles in accordance with the invention as defined in claim 

5, the generation of heat from the circuit can be mini- 
mized, the necessary number of wirings can be re- 
duced, emitted light brightness can be homogenized 
among light emitting diodes, and a fluctuation in bright- 
ness caused by a fluctuation in power supply voltage 
can be prevented. 

[0028] According to the LED head lamp apparatus for 
vehicles in accordance with the invention as defined in 
claim 9, in the construction as defined in claim 8, a circuit 
for the voltage boosted from the power supply voltage 
comprises a constant-current circuit and a voltage de- 
tection circuit for detecting the voltage applied to the 
constant-current circuit, and the voltage, which has 
been boosted from the power supply voltage and is to 
be applied to the plurality of light emitting diodes, is a 
variable voltage which has been regulated so that the 
voltage detected by the voltage detection circuit is a low- 
est possible voltage which can cause emission of tight 
from the plurality of light emitting diodes. 
[0029] In this LED head lamp apparatus for vehicles, 
similar to the rear combination lamp apparatus for vehi- 
cles in accordance with the invention as defined in claim 

6, the generation of heat from the circuit can be mini- 
mized with higher reliability, the necessary number of 
wirings can be reduced, emitted light brightness can be 
homogenized among light emitting diodes, and a fluctu- 
ation in brightness can be prevented. 

[0030] According to the LED head lamp apparatus for 
vehicles in accordance with the invention as defined in 
claims 10-12, an alternate circuit for current is provided 
in each of the light emitting diodes connected in series. 
[0031] In this LED head lamp apparatus for vehicles, 
even when any one of the LEDs connected in series has 
been extinguished due to disconnection, current can be 
flowed through the alternate circuit, whereby the re- 
maining LEDs can remain lighted without interruption. 
[0032] Thus, an LED head lamp apparatus for vehi- 
cles can be provided wherein emitted light brightness 
can be homogenized among light emitting diodes, a fluc- 
tuation in brightness can be prevented, and, in addition, 
simultaneous extinguishing of all the light emitting di- 
odes upon disconnection can be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The invention will be explained in more detail 
in conjunction with the appended drawings, wherein: 

Fig. 1 is a circuit diagram showing an example of a 
conventional LED lamp apparatus for vehicles; 
Fig. 2 is a schematic circuit diagram showing a cir- 
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cuit in a rear combination lamp apparatus for vehi- 
cles in a first embodiment of the invention; 
Fig. 3 is a circuit diagram showing, in more detail, 
the circuit in the rear combination lamp apparatus 

5 for vehicles in the embodiment of the invention; 

Fig. 4 is a schematic circuit diagram showing a cir- 
cuit in an LED head lamp apparatus for vehicles in 
a second embodiment of the invention; 
Fig. 5 is a circuit diagram showing, in more detail, 

10 the circuit in the LED head lamp apparatus for ve- 
hicles in the embodiment of the invention; and 
Fig. 6 is a circuit diagram showing an alternate path 
for disconnection of LED. 

15 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(FIRST EMBODIMENT) 

20 [0034] First embodiment of the invention will be ex- 
plained in conjunction with Figs. 2 and 3. Fig. 2 is a sche- 
matic circuit diagram showing a circuit in a rear combi- 
nation lamp apparatus for vehicles in first embodiment 
of the invention. Fig. 3 is a circuit diagram showing, in 

25 more detail, the circuit in the rear combination lamp ap- 
paratus for vehicles in the first embodiment of the inven- 
tion. 

[0035] As shown in Fig. 2, a rear combination lamp 
apparatus 1 for vehicles in this embodiment of the in- 

30 vention includes a control unit 2 and a light emitting di- 
ode unit 10. In this LED unit 10, all of eight LEDs 9 are 
connected in series to constitute a rear combination 
lamp. The voltage of a power supply 3, that is, a battery 
of a vehicle, is about 12 V, while the LED unit 1 0 requires 

35 about 16 V (about 2 V x 8 = about 1 6 V). Therefore, a 
shortage of voltage occurs. To cope with this, a boosting 
circuit 4 is provided within the control unit 2 to boost the 
voltage to about 1 6 V which is then applied to the eight 
LEDs 9. The front end of the LED unit 1 0 is connected 

40 to a constant-current circuit 8 and is grounded. A voltage 
detection circuit 7 is provided near and connected to this 
constant-current circuit 8 for detecting the voltage ap- 
plied to the constant-current circuit 8. The voltage de- 
tected by the voltage detection circuit 7 is compared with 

<*5 a reference voltage 5 drawn from the power supply 3, Is 
amplified in an amplifier 6, and is input as a boosting 
control signal into the boosting circuit 4. The boosting 
control signal is output so as to regulate the boosted 
voltage in such a manner that the voltage detected in 

so the voltage detection circuit 7 is a lowest possible volt- 
age. 

[0036] This construction can minimize the quantity of 
heat generated from the constant-current circuit 8 per 
se and thus can enhance circuit efficiency. The connec- 
55 tion of all the eight LEDs 9 in series permits the same 
level of current to flow into all the LEDs and thus can 
prevent a variation in emitted light brightness among the 
LEDs. Further, the voltage (boosted voltage) applied to 
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the LEDs 9 is regulated. Therefore, even when the pow- 
er supply voltage has fluctuated, the brightness of the 
LEDS 9 does not fluctuate. Furthermore, the necessary 
number of wirings between the control unit 2 and the 
LED unit 10 is only two. Therefore, the workability can 
be improved, and the cost can be reduced. 
[0037] Next, the operation of the circuit will be ex- 
plained in more detail in conjunction with Fig. 3. In this 
embodiment, the boosting circuit 4 for boosting a volt- 
age to generate a boosted voltage V2 to be applied to 
the LEDs 9 utilizes a chopper method using a coil L and 
a transistor Tr. A rectifying diode D and a smoothing ca- 
pacitor C are also used. The transistor Tr is repeatedly 
turned ON and OFF at a high speed. The boosted volt- 
age V2 can be varied by regulating the duty ratio with 
respect to ON and OFF of the transistor Tr. Duty ratio = 
ON time of transistor Tr/(ON time + OFF time). The 
boosted voltage V2 increases with increasing the duty 
ratio and lowers with decreasing the duly ratio. The cur- 
rent I flowed through the eight LEDs 9 flows into a re- 
sistor R1 . This resistor R1 corresponds to the constant- 
current circuit 8 shown in Fig. 2. 

[0038] A voltage V1 of the resistor R1 is detected by 
an operational amplifier Q1 , is amplified to a voltage V3, 
and is input into a boosting control IC. Resistors R2, R3, 
R4 are configured to determine the amplification factor 
of the operational amplifier Q1 . Therefore, the opera- 
tional amplifier Q1 and the resistors R2, R3, R4 consti- 
tute the voltage detection circuit 7 shown in Fig. 2. In 
the boosting control IC, the input V3 is compared with 
the internal reference voltage 5. The duty ratio of the 
transistor Tr in the boosting circuit 4 is controlled so that 
the input V3 and the reference voltage 5 are always 
equal to each other, An oscillator 1 2 in the boosting con- 
trol IC determines the cycle period of ON and OFF of 
the transistor Tr. A PWM amplifier 13 functions to deter- 
mine the duty ratio and to drive the transistor Tr. 
[0039] For example, when the voltage of the battery 
3 has been lowered for some reasons, the voltage V2 
is first lowered. At the same time, the quantity of current 
I, which flows into the LEDs 9, is reduced, and the volt- 
age V1 of the resistor R1 is also lowered. This in turn 
causes a lowering in voltage V3. As a result, a difference 
occurs between the voltage V3 and the reference volt- 
age 5 in the boosting control IC. In the boosting control 
IC, in order to eliminate this difference, control is per- 
formed so as to increase the duty ratio of the transistor 
Tr. Finally, the voltage V2 is raised, and the voltage be- 
comes stable at the value before the change of the volt- 
age. 

[0040] In this circuit, control is performed so that the 
value of the voltage V1 is rendered constant. Therefore, 
the current I, which flows into the LEDs 9, is I = V1/R1 
and is constant In other words, the resistor R1 consti- 
tutes a constant-current circuit. 
[0041] If the value of the voltage V1 is not increased 
to a higher value than is needed, the generation of heat 
from the resistor R1 could be suppressed and unneces- 



sary heat generation could be reduced. For example, in 
the conventional circuit wherein all of the eight LEDs are 
connected in parallel and a resistor is used for each LED 
for current limitation purposes, the electric power as a 
s source of heat generated in the resistor can be deter- 
mined as foilows. Assuming that the power supply volt- 
age is 12 V, the forward voltage Vf of LED is 2 V, and 
the current, which flows into LED, is 0.02 A, the voltage 
applied to each resistor is 1 2 V - 2 V = 1 0 V. Therefore, 
10 the total electric power of all the resistors is 

10 V x 0.02 A x 8 (number of resistors) = 1,6 W. 

is On the other hand, in the circuit shown in Fig, 3, assum- 
ing that control is performed so as for the voltage V1 to 
be 1 V and the current, which flows Into LED, is the same 
as that In the conventional circuit, that is, Is 0.02 A, the 
electric power in the resistor R1 is 

20 

1 V x 0.02 A = 0.02 W. 

This value is much lower than the value in the conven- 
es tional circuit. 

[0042] Further, even when a variation in characteris- 
tics of the LEDs 9 has resulted in a change in the forward 
voltage Vf, the voltage V1 is constant and the variation 
is absorbed by a change in the boosted voltage V2. This 
30 means that, even when the forward voltage Vf of the 
LEDs 9 is varied to a lower value, the heating value of 
the resistor R1 is not increased. 
[0043] The overall efficiency in the invention will be 
compared with that in the conventional circuit. In the 
35 conventional technique wherein all the eight LEDs are 
connected in parallel, the total electric power consumed 
in the LEDs is 

40 2 V x 0.02 A x 8 (number of resistors) = 0,32 W. 

Regarding the input electric power supplied from the 
power supply, the electric power consumed in the con- 
trol circuit is small and thus is negligible. Therefore, the 
43 electric power is 

12 V x 0.02 A x 8 (parallel) = 1 .92 W. 



0.32/1 .92 x 100 = 16.7 (%). 

55 On the other hand, in the circuit shown in Fig. 2, the 
electric power consumed in the LEDs 9 is 



so Accordingly, the efficiency is 
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2 V x 0.02 A x 8 (number of resistors) = 0.32 W. 

The electric power consumed in the resistor R1 is 

1 V x 0.02 A = 0.02 W. 

It is assumed that the efficiency of the boosting circuit 4 
is 70%. Regarding the input electric power supplied from 
the power supply, as with the conventional circuit, the 
electric power consumed in the control circuit is small 
and thus is negligible. Therefore, the electric power is 

(0.32 W + 0.02 W)/0.7 = 0.48 W. 

Accordingly, the efficiency is 

0.32/0.48 x 100 = 66.7 (%). 

This efficiency value is much higher than that in the con- 
ventional circuit. 

[0044] Thus, in the rear combination lamp apparatus 
for vehicles in this embodiment, the generation of un- 
necessary heat can be prevented. Even when there is 
a variation in forward voltage Vf among the LEDs, this 
variation can be absorbed by a change in the boosted 
voltage V2 to prevent an increase In heating value of the 
constant-current circuit. Further, the efficiency is much 
higher than that in the conventional parallel circuit. 
[0045] In this embodiment, a chopper method is used 
for boosting the power supply voltage. However, it 
should be noted that there are various methods for 
boosting the power supply voltage including a charge 
pump method and a transformer method and any of 
them may be used in the invention. 
[0046] In the rear combination lamp apparatus for ve- 
hicles, construction, shape, quantity, materials, size, 
connection relation, etc. of other parts are also not lim- 
ited to the above embodiment. 

(SECOND EMBODIMENT) 

[0047] A second embodiment of the invention will be 
explained in conjunction with Figs. 4-6. Fig. 4 is a sche- 
matic circuit diagram showing a circuit in an LED head 
lamp apparatus for vehicles in the second embodiment 
of the invention. Fig. 5 is a circuit diagram showing, in 
more detail, the circuit in the LED head lamp apparatus 
for vehicles in the second embodiment of the invention. 
Fig. 6 is a schematic diagram showing a circuit of each 
LED 9 in an LED head lamp apparatus for vehicles in 
the second embodiment of the invention. 
[0048] As shown in Figs. 4 and 5, an LED head lamp 
apparatus 30 for vehicles in this embodiment of the in- 
vention is similar to the first embodiment with the excep- 



10 

tion that in this LED unit 10, an alternate circuit 20 for 
coping with disconnection is provided in each of the 
eight LEDs 9 connected in series. Therefore, in Figs. 4 
and 5, parts similar to those previously described with 
5 reference to Figs. 2 and 3 are denoted by the same ref- 
erence numerals, and the explanation thereof is 
abridged. 

[0049] As shown in Fig. 6, in each LED 9 in the LED 
head lamp apparatus 30 for vehicles in this embodi- 

10 ment, resistors R5, R6 for dividing the voltage across 
both ends of the LED 9 are provided in parallel to the 
LED 9. Further, a transistor Tr2 for an alternate circuit 
for current and a shunt regulator Q2 for driving the tran- 
sistor Tr2 are connected in parallel to the resistors R5, 

15 R6 and the LED 9, as shown in the drawing. Here R5 = 
27 ki2, R6 = 68 ki2, and reference voltage of Q2 = 2.5 V. 
[0050] When the light emitting diodes 9 are normally 
lighting, the current flows into the LED 9 through a path 
© . In this case, the forward voltage Vf of the LED is 2.0 

20 v, and the voltage applied to R5 is 

V5 = 2.0 x 68/(27 + 68) = 1 .43 V. 

At that time, Q2 functions to bring Vf to the reference 
voltage 2.5 V and raises V4 to render the value of V4 
substantially equal to the Vf value. Therefore, as shown 
in a path® , a base current for turning ON Tr2 does not 
flow into Tr2. That is, Tr2 remains turned OFF, and any 
current does not flow through a path © as an alternate 
path. 

[0051] On the other hand, upon disconnection of the 
light emitting diode 9, the current does not flow through 
the path® , and, instead, the current flows into a path 
® . The values of resistance of R5 and R6 are so high 
that the Vf value is rapidly raised to a value close to the 
power supply voltage value. At the same time, the value 
of V5 is also raised. In this case, in order to lower the 
value of V4, Q2 functions to suppress the value of V5 to 
the reference voltage 2.5 V. This allows a base current 
of Tr2 to flow through the path ®. Asa result, Tr2 is 
turned ON, and an alternate path for current is formed 
byTr2. 

[0052] Thus, even when the path ® is shut off as a 
result of the disconnection of the light emitting diode 9, 
the current path is instantaneously changed from the 
path© to the path© and, consequently, the current 
continues to flow. Therefore, the other light emitting di- 
odes continue to light. Thereafter, the value of Vf is sta- 
bilized by Q2 at about 3.5 V. 

[0053] In this embodiment, a shunt regulator and a 
transistor are used for detecting disconnection and for 
forming an alternate path for current. Alternatively, for 
example, a circuit using a thyristor or a circuit comprising 
a combination of transistors may be used. The adoption 
of these circuits can offer the same effect as attained in 
this embodiment. 
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Claims 

1 . An LED lamp apparatus for vehicles, comprising: 

a light source including a predetermined 
number of light emitting diodes connected in 
series to each other or one another; and 
a power supply of a predetermined voltage to 
be applied across the predetermined number 
of light emitting diodes, the predetermined volt- 
age being dependent on the predetermined 
number of light emitting diodes. 

2. The LED lamp apparatus for vehicles according to 
claim 1, wherein: 

the power supply of the predetermined voltage, 
comprises: a booster for boosting a voltage of 
a primary power supply to the predetermined 
voltage. 

3. The LED lamp apparatus for vehicles according to 
claim 2, wherein: 

the power supply of the predetermined voltage, 
comprises: a circuit for adjusting the predeter- 
mined voltage to a voltage dependent on a cur- 
rent flowing through the predetermined number 
of light emitting diodes. 

4. A rear combination lamp apparatus for vehicles, 
comprising, as a light source, a plurality of light emit- 
ting diodes connected to each other or one another 
in series, a voltage boosted from a power supply 
voltage being applied to the plurality of light emitting 
diodes for lighting. 

5. The rear combination lamp apparatus for vehicles 
according to claim 4, wherein the light emitting di- 
odes connected in series are driven at a constant 
current and a variable voltage is applied to the light 
emitting diodes. 

6. The rear combination lamp apparatus for vehicles 
according to claim 5, wherein a circuit for the volt- 
age boosted from the power supply voltage com- 
prises a constant-current circuit and a voltage de- 
tection circuit for detecting the voltage applied to the 
constant-current circuit, and the variable voltage 
applied to the plurality of light emitting diodes is 
such that the voltage detected by the voltage detec- 
tion circuit is a lowest possible voltage which can 
cause emission of light from the plurality of light 
emitting diodes. 

7. An LED head lamp apparatus for vehicles, compris- 
ing, as a light source, a plurality of light emitting di- 
odes connected to each other or one another in se- 



ra 
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ries, a voltage boosted from a power supply voltage 
being applied to the plurality of light emitting diodes 
for lighting. 

The LED head lamp apparatus for vehicles accord- 
ing to claim 7, wherein the light emitting diodes con- 
nected in series are driven at a constant current and 
a variable voltage is applied to the light emitting di- 
odes. 

The LED head lamp apparatus for vehicles accord- 
ing to claim 8, wherein a circuit for the voltage boost- 
ed from the power supply voltage comprises a con- 
stant-current circuit and a voltage detection circuit 
for detecting the voltage applied to the constant- 
current circuit, and the variable voltage applied to 
the plurality of light emitting diodes is such that the 
voltage detected by the voltage detection circuit is 
a lowest possible voltage which can cause emission 
of light from the plurality of light emitting diodes. 



10. The LED head lamp apparatus for vehicles accord- 
ing to claim 7, wherein an alternate circuit for current 
is provided in each of the light emitting diodes con- 

25 nected in series. 

11. The LED head lamp apparatus for vehicles accord- 
ing to claim 8, wherein an alternate circuit for current 
is provided in each of the light emitting diodes con- 

30 nected in series. 

12. The LED head lamp apparatus for vehicles accord- 
ing to claim 9, wherein an alternate circuit for current 
is provided in each of the light emitting diodes con- 

35 nected in series. 
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